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(V. Pommier-Budinger), frank.simon@onera.fr (F. SimThe article focuses on acoustic resonators made of perforated sheets bonded onto honeycomb cavities.
This kind of resonators can be used in adverse conditions such as high temperature, dirt and mechanical
constraints. For all these reasons, they are, for example, widely used in aeronautic applications. The
acoustic properties are directly linked to the size, shape and porosity of holes and to the thickness of
air gaps. Unfortunately, the acoustic absorption of these resonators is selective in frequency and conven-
tional acoustic resonators are only well adapted to tonal noises. In case of variable tonal noise, the effi-
ciency is limited if the resonators are not tunable. One common solution is to control the depth of cavities
based on the noise to be attenuated. This article proposes another technology of tunable resonators with
only a very small mass and size increase. It consists of two superposed and identically perforated plates
associated with cavities. One plate is fixed and bonded to the cavities and the other plate is mobile. The
present concept enables to change the internal shapes of the holes of the perforated layers. The article
describes this system and gives a theoretical model of the normal incidence acoustic impedance that
allows to predict the acoustic behavior, in particular the resonance frequency. The model shows that
the resonance frequency varies with hole profiles and that the absorption peak moves towards the lower
frequencies. The proposed model is validated by measurements on various configurations of resonators
tested in an impedance tube. The perspectives of this work are to adapt the hole profiles using an actuator
in order to perform active control of impedance.1. Introduction
The article focuses on acoustic resonators made of perforated
sheets bonded onto honeycomb cavities. This kind of resonators
can be used in adverse conditions such as high temperature, dirt
and mechanical constraints. For all these reasons, they are, for
example, widely used in aeronautic applications. The acoustic
properties of such resonators are directly linked to the size, shape
and porosity of holes and to the shape and thickness of air gaps as
shown in many studies [1–11]. Unfortunately, the acoustic absorp-
tion of these resonators is selective in frequency and the acoustic
resonators are only well adapted to tonal noises. In case of variable
noise, the efficiency is limited if resonators are not tunable. The
resonators under study in this article are formed by cavities
connected to small ducts (called necks). The geometry of necks
or cavities can be modified in order to produce tunable resonators.
Many studies deal with the cavity depth change. Konishi et al.
[2] and Birdsong and Radcliffe [3] proposed tunable acoustic
absorbing systems made of resonators the porosity or air cavity: + 33 561 33 91 86.
rier), valerie.budinger@isae.fr
on).volume of which are controllable so as to tune the resonant fre-
quency to a desired frequency. Kostek and Franchek [4] studied
the control of such systems. Kobayashi et al. [5] successfully imple-
mented resonators with tunable cavities in a turbofan.
In this study, the neck geometry of the resonators varies rather
than the cavity size. All works about hole geometry show its im-
pact on the acoustic behavior of resonators. The length, shape
and section of the neck have an impact on the surface impedance,
in particular the reactance. As the sound absorption coefficient is
maximum when the reactance is null, the neck has an influence
on the frequency resonance of the resonators.
Birnbach et al. [6,7] studied a resonator with two perforated
plates and an inlet air gap. They studied different configurations
with variable distance between plates. For a very small distance
from 0.05 mm to 0.1 mm, the resonators show high acoustic
impedance and low absorption. By increasing the distance between
the plates, the impedance decreases and the absorption becomes
maximum.
Chanaud [8] studied the radiation impedance for geometries of
non-circular orifices. He examined the cross orifice made up of
two rectangular shapes placed perpendicular to each other. He
calculated an equivalent circular orifice because no solution could
be found for rectangular radiation piston. He also studied the
Nomenclature
l1 thickness of plate 1
l2 thickness of plate 2
‘1 length correction of plate 1 (effective length)
‘2 length correction of plate 2 (effective length)
‘E length correction in the elliptic constriction (effective
length)
L cavity depth
de exterior mass end correction
di interior mass end correction
V1 volume of air considered in motion in plate 1
VE volume of air considered in motion between plates 1
and 2
V2 volume of air considered in motion in plate 2
V 01 volume of air supposed lost in plate 1
V 01 volume of air supposed lost in plate 2
S1 hole diameter in plate 1
S2 hole diameter in plate 2
SE section of elliptic constriction between plates 1 and 2
b semi-major axis
a semi-minor axis
/ porosity
D mobile plate displacement
p acoustic pressure
R normalized acoustic resistance
X normalized acoustic reactance
Z normal incidence acoustic impedance (Z = R + jX)
x angular frequency pulsation
c sound speed
k wave number equal to x/c.
q0 ambient densityinteraction of the orifice shape on the end correction. He concluded
that the orifice shape did not significantly affect the interior mass
end correction.
Ducts’ end effects have been also investigated by [9–11]. These
studies have shown that edges’ end effects generate nonlinearities
with high sound pressure levels and that the duct thickness and
the duct edge shape have an influence on both resistance and reac-
tance of orifices. Some of these effects can be taken into account in
the modeling. The corrections that make models more accurate can
be computed for different shapes, in particular for round edges’
duct ends.
Tang [12] studied a resonator with a tapered neck. Results show
that the resonance frequency increases with the tapering length
and that absorption increases with the tapered neck slope.
The general conclusion of all previous studies is that controlling
the opening size or the shape of resonators necks can be a way to
control the impedance and thus the efficiency of resonators. This
article studies a simple system to modify the neck geometry. The
system tries to satisfy aeronautical constraints by nearly not
increasing the weight and size of conventional resonators. It con-
sists of two stacked perforated plates bonded onto cavities. Perfo-
rations are circular and the plates are identically perforated. One
plate is fixed and the other is mobile in translation and can slide
on the first one. The holes are aligned if there is no movement; this
case corresponds to conventional resonators with cavities and a
perforated plate with a thickness equal to the thickness of the
two plates. If the mobile plate displacement makes the two perfo-
rated plates overlap, new neck geometry with a nearly elliptic
shape is created by the constriction between the two perforations.
This constriction affects the effective volume of air in motion and
then the acoustic impedance.
Section 2 accurately describes the developed system.
Section 3 aims at proposing a model of the system and in partic-
ular of the two perforated plates versus the translation. It gives the
expressions of the reactive and resistive parts of the normal inci-
dence impedance using an equivalent geometry of the two over-
lapping plates and a simplified phenomenological approach
essentially based on Ingard’s model [13] and on Rayleigh’s conduc-
tivity [14]. The impedance is determined using lumped parameter
modeling with low frequency approximation in one dimension.
Section 4 describes the experimental set-up and gives the
experimental results. Tests are performed in an impedance tube
for several cases corresponding to aeronautics configurations used
in jet engines noise control (porosities equal to 2.5%, 5% or 10%,
perforated hole diameters equal to 1 mm or 2 mm and plates’thicknesses equal to 1 mm or 2 mm). The tests make it possible
to validate the model described in Section 3 and the efficiency of
the proposed system.
2. System description
The system under study in this paper is composed of resonators
formed by two stacked perforated plates backed by cylindrical cav-
ities (Fig. 1). Plate 1 is fixed and plate 2 is mobile. The fixed plate is
bonded onto cavities and the mobile plate, on the top, can move by
translation in one direction. The perforations and the porosity of the
two plates are identical. The hole diameter is 2r. The overlap must
be performed with accuracy and the plates are thus guided on two
parallel sides by two sliding rails. The translation of the mobile
plate is performed in one direction by an actuator (Fig. 2). This actu-
ator is a double-row ball bearing linear stage. The stage is fixed on
the mobile plate and on the sliding rails through a link rod. There-
fore, the mobile plate can be slid in and out with the smooth stage
travel by a manual knob control. The translation of the mobile plate
generates neck geometry with an elliptic profile as shown in Fig. 3.
The translations values (D) vary from zero to the perforate hole
diameter. The minimum distance between two holes is more than
one diameter to avoid the case of two overlaps for the same perfo-
ration. L is the cavity depth, ‘1 and ‘2 are the thicknesses of the
bottom fixed plate and of the top mobile plate respectively (Fig. 1).
3. Building a model
3.1. A model of the normal incidence acoustic impedance
The aim of this section is to establish a model of the normal
incidence acoustic impedance. The impedance is an important
characteristic since it enables to describe the interaction between
acoustic incident waves and absorbent materials. In this model,
the flow over the perforated interface is not taken into account.
The expression of the acoustic impedance of a duct with a sec-
tion discontinuity (Fig. 4) can be found in many references [15–17].
The impedance is established by writing the acoustic pressure
continuity:
p01 ¼ p02 ð1Þ
and the flow conservation:
S1v 01 ¼ S2v 02 ð2Þ
with v 01 and v 02 the velocities normal to surfaces.
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Fig. 1. System description, sectional view (on the left) and zoomed sectional view with characteristics for the model (on the right).
Fig. 2. Sliding system with linear actuator.
Fig. 3. Visualization of elliptic profile with overlapping plates.
S1
p’1
S2 
p’2
l1 l2Z02, the normal incidence acoustic impedance after the section
change, is expressed as a function of Z01 (Fig. 4):Z1 Z2 Z’1 Z’2 
Z02 ¼
p02
v 02
¼ S2p
0
1
S1v 01
¼ S2
S1
Z01: ð3Þx1 x’1 x’2 x2 x
Fig. 4. Duct with a section discontinuity.
This impedance model is basic and end corrections, low frequency
approximations and resistive aspects can be introduced according
to Ingard [13] and Rayleigh and Lindsay [14] to get a more accurate
model.
For the system under study, the neck is obtained from the over-
lapping of the two perforated plates as shown in Fig. 5a. Applying
Eqs. (2) and (3) with S1 = S2 does not show the influence of the
restriction in the impedance formulation. This model is too simple
because physical phenomena near apertures are not taken into
account. A more accurate model must be established.
The first idea to model the neck with the two overlapping plates
is to be considered:– an orifice with a circular surface equivalent to the elliptic surface
created by the two overlapping plates,
– a neck with a length equal to the sum of the two plates’
thicknesses.
It will be shown in Section 4 with validation results that this
model is not exact.
(a) (b)
Fig. 5. Two overlapping perforations (a), model configuration with piston VE (b).
Fig. 6. Equivalent schematic for reactance computation.The model proposed in this paper suggests that the effective
mass of air in motion is increased near the orifice lips. It is based
on the fact that when an acoustic wave is propagated through an
opening, pressure and velocity fluctuations induce shedding of
vortices at the opening edge at high pressure level [10–12,17–
19]. The additional mass of air near the orifice lips can be consid-
ered as an elliptic piston of volume VE, length dE and elliptic section
SE (Fig. 5b). The neck model is therefore established by considering
3 pistons in motion with volumes VE, V1 and V2 and two ‘‘lost’’ vol-
umes V 01 and V
0
2 (which means that there is no or nearly no air in
vibrating motion in these volumes). In this configuration, the nor-
mal incidence acoustic impedances can be expressed as follows:
Z0E ¼
p0E
v 0E
¼ SEp
0
1
S1v 01
¼ SE
S1
Z01 ð4Þ
and
Z02 ¼
p02
v 02
¼ S2pE
SEvE
¼ S2
SE
ZE: ð5Þ
With this modeling, even if S1 = S2, the discontinuity of section ap-
pears in the impedance formulation.The proposed model will be
implemented to establish the normalized acoustic impedance at
normal incidence of the system under study as a function of the
geometry and of the mobile plate translation. This impedance will
be expressed in the following form:
Z ¼ Rþ jX: ð6Þ
where X is the normalized acoustic reactance and R the normalized
acoustic resistance.
3.2. Normalized acoustic reactance
The normalized acoustic reactance is established using the neck
equivalent schematic described in Fig. 6.
First the reactance of the neck will be expressed and then the
reactance of the whole system with the cavity will be computed.For the duct of length ‘1 ¼ x01  x1, reactance v01 at position x01 is
expressed as a function of reactance v1 at position x1:
v01 ¼
v1 þ j tan k‘1
1þ jv1 tan k‘1
: ð7Þ
The change of section (S1 to SE) gives reactance v0E at position v0E:
v0E ¼
SE
S1
v01 ¼
SE
S1
v1 þ j tan k‘1
1þ jv1 tan k‘1
 
: ð8Þ
In the duct of length ‘E ¼ xE  x0E, reactance vE at position xE is
expressed as a function of reactance v0E at position x0E:
vE ¼
v0E þ j tan k‘E
1þ jv0E tan k‘E
: ð9Þ
Length ‘E of volume VE depends on the elliptic section SE and on the
Rayleigh conductivity [14,20]. For a duct with an ellipsoid shape
[13], ‘E is equal to:
ab
D
r
SE
Fig. 7. Ellipse characteristics.‘E ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
p2b2
ffiffiffiffiffiffiffiffiffiffiffiffiffi
1 e2
pp
2
1þ e
4
64
þ e
6
64
þ . . .
 
ð10Þ
where b and e are the semi-major axis and the eccentricity of the
ellipse respectively. For the system under study, these two param-
eters depend on the mobile plate displacement D (Fig. 7):
b ¼ r
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 D
2r
 2s
ð11Þ
and
e ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
b2  a2
p
b
ð12Þ
where a is the semi-minor axis expressed as follows:
a ¼ r  D
2
ð13Þ
In Fig. 6, the change of section (SE to S2) gives reactance v02 at
position x02:
v02 ¼
S2
SE
vE ¼
S2
SE
v0E þ j tan k‘E
1þ jv0E tan k‘E
 
: ð14Þ
In the duct of length ‘2 ¼ x2  x02, reactance v2 at position x2 is ex-
pressed as a function of reactance v02 at position x02:
v2 ¼
v02 þ j tan k‘2
1þ jv02 tan k‘2
: ð15Þ
Finally, reactance v2 can be expressed as a function of reactance v1.
In order to get a more accurate model, the interior and exterior
mass end corrections, respectively di andde, are added respectively
to ‘1 and ‘1 (Fig. 6). For circular openings, and if porosity / is lower
than 0.4, usual formulations [14,21] are:
di ¼ 83p rð1 1:25/Þ ð16ÞFig. 8. Equivalent schematic of the neck for resistance computation.And
de ¼ 83p r: ð17Þ
As mentioned previously, the cavity impedance is added to the neck
impedance to get a complete model of the system. For sound waves
at normal incidence and for k L, the normalized reactance of the
cavity air layer is:
Xcavity ¼ j cotðkLÞ: ð18Þ
Finally, the expression of the normalized reactance of the two plates
with all the perforations (characterized by porosity /) combined
with the cavity is:
Xtotal ¼ Xcavity þ v2=/: ð19Þ3.3. Normalized acoustic resistance
There is no resistive effect in the air cavity. The normalized
acoustic resistance of the system corresponds to the resistance of
the neck and is established using the equivalent schematic of Fig. 8.
Resistive effects come from the viscous interaction between
acoustic flow and structure. Thermal effects are here neglected
due to the small thicknesses of plates. Viscous interaction takes
place on the inner surface of perforations. The thickness of the vis-
cous boundary layer is given by [13,21,22]:
dv ¼
ffiffiffiffiffiffiffiffiffiffi
2l
q0x
s
ð20Þ
where l is the dynamic viscosity of air. According to Ingard [13,21],
the normalized resistance per unit of area Rs is:
Rs ¼ 12 kdv : ð21Þ
For a cylinder of diameter 2r and length ‘, the resistance for shear
stress R is given by:
R ¼ Rs 2pr‘pr ¼ 2Rs
‘
r
: ð22Þ
For the equivalent schematic of Fig. 8, considering the changes of
section and when S1 = S2 = S, R is equal to:
R ¼ 2Rs ‘1r þ
‘2
r
þ SE
S
‘E
2r
 
: ð23Þ
To get a more accurate model, length ‘ is increased by a length cor-
rection that represents the kinetic energy dissipation [13,21,22] on
the shear region at the orifice ends. Morse and Ingard [21] have
shown through calculations (integration of kinetic energy over the
surface near the opening) and measurements that this correction
is equal to 2r for both circular apertures of ends. The additional
resistance Rc corresponding to the correction 2r is:
Rc ¼ 4Rs: ð24Þ
When the two perforations are not aligned, another correction cor-
responding to the edges of the elliptic surface in front of the sound
wave propagation must be added. This correction is difficult to com-
pute by integration of the kinetic energy over the surface near the
elliptic opening for this geometry. The additional resistance corre-
sponding to this correction is assumed to be equal to:
Rcellipse ¼ 2Rs S SES
 
: ð25Þ
This value is the one that gives the best matching between mea-
sured and computed results for the absorption level in Section 4.
Hence, the system total normalized resistance is:
Rtotal ¼ 2Rs ‘1r þ
‘2
r
þ SE
S
‘E
2r
þ 2 SE
S
 
: ð26Þ4. Experimental and modeling results
This section describes the experimental set up and gives differ-
ent results stemmed from measurements and from the model.
4.1. Experimental set-up and devices
The experimental set-up based on a home-made impedance
tube is schematized and shown in Figs. 9 and 10.
The tube has a 50 mm inner diameter and is 1-m long. It is used
for measurements in the frequency range 400–3000 Hz. The open
end of the tube enables to mount the system with the sliding plate.
The two-plate system described in Section 2 is locked tightly
between the cavity and the tube. The tube is equipped with two
microphones Brüel & Kjær 4187 for pressure measurements. On
the opposite side of the tube, the loudspeaker generates a broad-
band random noise that propagates plane waves from 400 to
3000 Hz at 120 dB (SPL in linear domain). The devices are mounted
as shown in Figs. 9 and 10. The standard measurement method for
the two microphones is used in accordance with the International
ISO 10534-2 standard [23] and enables to calculate the transfer
function H between the two microphones and consequently the
reflection coefficient R expressed as follows:
R ¼ e2jkXA H  e
jkðXAXBÞ
ejkðXAXBÞ  H ; ð27Þ
where XA and XB are the distances between the microphones and
the tested sample.
With R, the normalized acoustic impedance can be calculated:
Z ¼ 1þ R
1 R ð28Þ
and the absorption coefficient in normal incidence:
A ¼ 1 jRj2: ð29Þ
Several variable neck resonators have been manufactured and
tested in the impedance tube. The tested resonators were designed
for plane wave propagation in the tube. Four system configurations
with different porosities (5% or 10%), different plate thicknesses
(1 mm or 2 mm), different perforate hole diameters (1 mm orA
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T
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Fig. 9. Schematic of ex2 mm) and different cavity depths (10 mm or 20 mm) will be tested.
The configurations are described in Table 1.
4.2. Results and discussions
Figs. 11–14 show the measured normalized reactance and the
measured sound absorption coefficient extracted from Eqs. (20)
and (29) respectively. They are plotted versus the plate displace-
ment for the four experimental devices. Results are only given
for four displacements to get clear figures. However, the tests have
been achieved for more displacements (every 0.1 mm) and the
results are similar whatever the displacement.
For each case, the normalized reactance Xtotal is also calculated
from Eq. (19) and the sound absorption coefficient is extracted
from relation (29) with the computed reflection coefficient equal
to:
R ¼ Ztotal  1
Ztotal þ 1 : ð30Þ
with
Ztotal ¼ Rtotal þ jXtotal: ð31Þ
They are both plotted in Figs. 11–14 to compare measured and com-
puted data.
It can be pointed out that the acoustic behavior of the devel-
oped devices is as expected. The resonance frequency shifts to
lower frequencies when the orifice restriction gets smaller. The
frequency shifts range from 200 Hz to 800 Hz for the tested config-
urations. For configurations with 10% of porosity (configurations 2
and 4), the frequency shift is lower than for configurations with
lower porosities. At last, also note that the absorption band widens
with the orifice closing due to the increase of viscous interactions.
Table 2 synthesizes the results and gives the resonance frequen-
cies obtained from measurements and predicted by the proposed
model (columns 2–6). Some errors are to be noticed. The first error
source is the actuatorminimal resolutionof 0.02 mmthat cangener-
ate amaximumdispersion of +/50 Hz on the resonance frequency.
For small openings that correspond to large displacements, errors
are more important and can be explained by the measurement dis-
persion that is significant in these cases. However, the results show
that the proposedmodel predicts correctly the resonance frequency
shift of the resonator and gives a good estimation of the useful
frequency range.
Table 2 also gives the resonance frequencies predicted by the
model with equivalent circular orifices. For this model, the differ-
ences between the measured and computed frequencies are signif-
icant, in particular for large displacements. These differences areB
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Fig. 10. The resonator with the two plates and the actuator mounted in the impedance tube.
Table 1
Characteristics of the experimental devices.
Screen thickness Hole diameter Porosity (%) Cavity depth
Plate 1 Plate 2
Configuration 1 1 mm 1 mm 1mm 5 10 mm
Configuration 2 1 mm 1 mm 1mm 10 20 mm
Configuration 3 2 mm 1 mm 1mm 5 10 mm
Configuration 4 2 mm 1 mm 1mm 10 10 mm
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Fig. 11. Normalized reactance and sound absorption coefficient A of a systemmade of two 1-mm thick plates perforated at 5% with 1-mm diameter holes, backed by a 10-mm
air gap (configuration 1). D = 0 mm, computed data, sss measurement; D = 0.5 mm, – – computed data,  measurement; D = 0.7 mm, - - - computed data, ddd
measurement; D = 0.9 mm, – - – computed data, +++ measurement.
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Fig. 12. Normalized reactance and sound absorption coefficient A of a system made of two 1-mm thick plates perforated at 10% with 1-mm diameter holes, backed by a 20-
mm air gap (configuration 2). D = 0 mm, computed data, sss measurement; D = 0.5 mm, – – computed data,  measurement; D = 0.7 mm, - - - computed data, ddd
measurement; D = 0.9 mm, – - – computed data, +++ measurement.
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Fig. 13. Normalized reactance and sound absorption coefficient A of a system made of two 2-mm and 1-mm thick plates perforated at 5% with 1-mm diameter holes, backed
by a 10 mm air gap (configuration 3). D = 0 mm, computed data, sssmeasurement; D = 0.5 mm, – – computed data, measurement; D = 0.7 mm, - - - computed data,
ddd measurement; D = 0.9 mm, – - – computed data, +++ measurement.
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Fig. 14. Normalized reactance and sound absorption coefficient A of a systemmade of two 2-mm and 1-mm thick plates perforated at 10% with 1-mm diameter holes, backed
by a 10 mm air gap (configuration 4). D = 0 mm, computed data, sssmeasurement; D = 0.5 mm, – – computed data, measurement; D = 0.7 mm, - - - computed data,
ddd measurement; D = 0.9 mm, – - – computed data, +++ measurement.
Table 2
Comparisons of measured and predicted resonance frequencies.
Displacements
(mm)
Ellipse
area
(mm2)
Predicted
resonance
frequency
(proposed model)
(Hz)
Measured
resonance
frequency
(Hz)
Predicted/
measured
error (%)
Equivalent
radius of
circular orifice
(mm)
Predicted resonance
frequency (equivalent
circular orifices) (Hz)
Predicted
(equivalent circular
orifices)/measured
error (%)
Configuration 1 0 0.78 2176 2172 0.2 0.5 2176 0.2
0.5 0.34 2048 2042 0.3 0.32 1586 22.3
0.7 0.17 1890 1789 5.6 0.23 1151 35.7
0.9 0.03 1442 1359 6.1 0.1 382 71.9
Configuration 2 0 0.78 2034 2017 0.8 0.5 2034 0.8
0.5 0.34 1856 1878 1.2 0.32 1459 22.3
0.7 0.17 1728 1786 3.2 0.23 1071 40.0
0.9 0.03 1604 1596 0.5 0.1 758 52.5
Configuration 3 0 0.78 1892 1869 1.2 0.5 1892 1.2
0.5 0.34 1727 1693 2.0 0.32 1214 28.3
0.7 0.17 1506 1486 1.3 0.23 821 44.8
0.9 0.03 1352 1187 13.9 0.1 337 71.6
Configuration 4 0 0.78 2649 2712 2.3 0.5 2649 2.3
0.5 0.34 2413 2302 4.8 0.32 1696 26.3
0.7 0.17 2250 2156 4.4 0.23 1168 45.8
0.9 0.03 1910 1786 6.9 0.1 492 72.5
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Fig. 15. Comparisons of measured and predicted resonance frequencies for the
system corresponding to configuration 4.  measured, h predicted with the model
proposed in the article, N predicted with the model with equivalent circular orifices.
0
10
20
30
40
50
60
70
1000 1500 2000 2500 3000
C
av
ity
 th
ic
kn
es
s 
(m
m
)
Frequencies (Hz)
Conventional Resonator
Tunable Resonator
Fig. 16. Size comparisons of conventional and tunable resonators configuration:
1-mm thick panel, perforated at 10% with 1-mm diameter holes.
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Fig. 18. Normalized reactance of a neck made of two 1-mm thick plates perforated
at 10% with 1-mm diameter holes. D = 0 mm, computed data, sss measure-
ment; D = 0.5 mm, – – computed data,  measurement; D = 0.7 mm, - - - com-
puted data, ddd measurement; D = 0.9 mm, – - – computed data, +++
measurement.
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Fig. 17. Normalized reactance of a neck made of two 1-mm thick plates perforated
at 5% with 1-mm diameter holes. D = 0 mm, computed data,sssmeasurement;
D = 0.5 mm, – – computed data, measurement; D = 0.7 mm, - - - computed data,
ddd measurement; D = 0.9 mm, – - – computed data, +++ measurement.represented in Fig. 15 where the measured resonance frequencies
and the predicted resonance frequencies obtained with the two
models are plotted versus the mobile plate displacement. These
results show that the system with the two overlapping plates can-
not be modeled by equivalent cylindrical orifices.5. Conclusions
This paper presents an absorber made of resonators with two
perforated plates (a fixed one and a mobile one). The idea behind
this design is to obtain resonators the resonance frequency of
which varies with the mobile plate displacement. The paper pro-
poses a model of this absorber using a phenomenological ap-
proach. Three pistons in motion are taken into account to model
the shape of the neck created by the translation of the mobile plate
and to describe the inertial behavior in the neck. This model is used
to compute the normal incidence acoustic reactance and the
absorption coefficient without flow.
Several absorbers with different configurations have been man-
ufactured and tested from 400 to 3000 Hz in an impedance tube.
The computed and measured normalized reactances indicate a
shift of the first frequency resonance. The lower the porosity, thelarger the resonance frequency shift. For porosities exceeding
10%, the frequency shift is limited. The perforation diameter is also
an important parameter since, for the tested configurations, the
frequency shift increases with the hole diameter. Results show that
the developed model gives a good estimation of the resonator
behavior, in particular of the useful frequency range. This model
can thus be used to design tunable resonators with variable reso-
nance frequencies.
The first advantage of the system proposed in this article is that
it is a simple system for active noise control. Indeed, by controlling
the displacement of the mobile plate with an electromechanical
actuator and a control loop, active control of slowly variable tonal
noise could be performed. The actuator would not need to be as
large as speakers used for active noise control techniques with
anti-noise source since its only function is to move slowly one
plate. However, in case of applications in hot operating conditions,
the actuator should not be exposed to heat constraints.
The second advantage is that the resonance frequency of the
absorber shifts towards lower frequencies. The system is thus more
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Fig. 19. Normalized reactance of a neck made of two 2-mm and 1-mm thick plates
perforated at 5% with 1-mm diameter holes. D = 0 mm, computed data, sss
measurement; D = 0.5 mm, – – computed data,  measurement; D = 0.7 mm, - - -
computed data, ddd measurement; D = 0.9 mm, – - – computed data, +++
measurement.
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Fig. 20. Normalized reactance of a neck made of two 2-mm and 1-mm thick plates
perforated at 10% with 1-mm diameter holes. D = 0 mm, computed data, sss
measurement; D = 0.5 mm, – – computed data,  measurement; D = 0.7 mm, - - -
computed data, ddd measurement; D = 0.9 mm, – - – computed data, +++
measurement.compact than conventional resonators that would require a deeper
cavity to absorb the same frequencies. Fig. 16 compares the thick-
ness of cavities of conventional resonators to the thickness of
cavities of the proposed tunable resonators in the case of a 1-
mm thick plate perforated at 10% with 1-mm diameter holes.
The cavity thicknesses are computed to get an absorption coeffi-
cient of at least 0.6 on a frequency range from 1 to 3 kHz.
At last, there are still lots of studies to use this system at its best.In order to improve the proposed model, a better estimation of
viscous effects could be performed by integration of the kinetic
energy in the vicinity of the restriction between the two overlap-
ping plates. This computation requires preliminary tests to esti-
mate the acoustic boundary layer in the vicinity of restriction.
The model proposed in this paper does not take into account the
flow over the perforated interface. As some of the foreseen applica-
tions (e.g. fans controlled at variable speed) are exposed to flow, it
would also be useful to build a model that includes the sound
propagation conditions.
Appendix A
The appendix presents the normalized reactance of the resona-
tor neck made of two plates (without cavity).
Figs. 17–20.
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